Hot peppers are known for medicinally important capsaicinoids. Bhut Jolokia, Capsicum chinense/Capsicum frutescens, is the hottest pepper in the world. However, its bioactivity and quantity of heat principles are not reported. We have now quantified capsaicin (C) and dihydrocapsaicin (DHC) in Bhut Jolokia and compared it with commonly consumed hot peppers, Jalapeno (Capsicum annuum) and Scotch Bonnet (Capsicum chinense). The concentration of C and DHC in Bhut Jolokia was 5.36%, which is about 338 and 18 times greater than in Scotch Bonnet and Jalapeno, respectively. We have also isolated capsaicin (C) and dihydrocapsaicin (DHC) in pure form and determined lipid peroxidation (LPO) and cyclooxygenase (COX-1 and -2) enzymes inhibitory concentrations. This is the first report of the quantification of C and DHC in Bhut Jolokia, comparison of capsaicinoids content in
The genus Capsicum (family Solanaceae) comprises over 200 species with multitudes of colors, size, shape and chemical composition. Fresh peppers are consumed as vegetable foods and the dried form as spices because of its unique flavor and pungency. In addition, they are also used as an ingredient in topical ointments and patches for pain-relief. The hot chili pepper has also been used for centuries as a condiment to aid digestion. Hot peppers contain capsaicinoids with varying degrees of Scoville Heat Units (SHU). Capsicum spp. in general contain vitamins A, C, and E and carotenoid compounds with broad biological properties [1] [2] [3] [4] [5] [6] .
Bhut Jolokia (BJ), interspecific origin from Capsicum chinense and Capsicum frutescens, [7] also known as Naga Jolokia, Ghost Chili, Ghost pepper and Naga Jolokia, is the hottest chili pepper in the world and grows primarily in the state of Assam in India. It is also found in northeastern India (Nagaland, Manipur), Bangladesh, Sri Lanka and now grown in the USA. It is in the Guinness Book of World Records with an official Scoville heat rating of 1,001,304 SHU [7] . Jalapeno (Capsicum annuum, J), a mild hot pepper, with a heat value of 5,000 SHU, originated in Jalapa, Mexico and is popular with consumers in America. The habanero, Scotch Bonnet (Capsicum chinense, SB) with a heat value of 250,000-300,000 SHU, is grown widely in Jamaica, West Indies for its pungency and flavor and is also presently being cultivated in the United States [6] .
Although a number of chemical and analytical investigations have been reported on hot components of pepper species, [9] [10] [11] very little research is available on a comprehensive analysis of their bioactive constituents and the chemistry of active principles that yield antioxidant and anti-inflammatory activities [8] [9] [10] [11] . So far, there are no reports on the chemistry and capsaicinoid content in Bhut Jolokia, the hottest pepper known to humans. This study quantified the heat principles capsaicin (C) and (DHC) (Figure 1 ) in the methanolic extracts of BJ, compared it with J and SB, and determined the bioactivities of C and DHC using in vitro LPO and COX enzyme inhibitory assays. The bioassay results suggested that LPO inhibition by C and DHC were moderate, as indicated by the inhibitory values of 32 and 46%, respectively, at 25 µg/mL ( Figure 2 ).
Interestingly, when tested at 50 μg/mL, pure C and DHC showed COX enzyme inhibitory profiles similar to Aspirin tested at 108 μg/mL (Figure 3 ). Based on the inhibition of LPO and COX enzymes by C and DHC, the methanolic extracts of fresh peppers were analyzed by HPLC under identical conditions as for capsaicinoids. The HPLC profiles of pure C and DHC and the Capsicum extracts revealed that the only capsaicinoids present in hot peppers studied were C and DHC. In addition, both C and DHC in these extracts were quantified by using their standard solutions. The solutions were analyzed by HPLC in triplicate.
The analytical data showed that the methanolic extracts of Jalapeno pepper contained 14.6 and 1.23 mg of C and DHC, respectively, per 100 g of fresh weight. Similarly, the SB extracts afforded 259 and 18.6 mg of C and DHC, respectively, per 100 g of fresh weight. Bhut Jolokia, gave 4090 and 1274 mg of C and DHC, respectively, per 100g of fresh weight. The total capsaicinoids present in J, SB and BJ peppers studied were 15.83, 287.6 and 5364 mg/100 g of fresh weight, respectively. These results are in support of the increasing levels of heat units 5000, 250,000-300,000 and 1,001,304 SHU for J, SB and BJ, respectively [7] .
Although Bhut Jolokia is very pungent to ingest due to its heat, it contains extreme levels of health-beneficial COX enzyme inhibitory C and DHC. Therefore, we have determined the IC 50 values of C and DHC against COX-1 and -2 enzymes in order to evaluate the potential of BJ as a functional food with antiinflammatory value. Our results showed that pure C and DHC inhibited COX-1 enzyme by 50% at 42 and 45 µg/mL, respectively. Similarly, the COX-2 enzyme inhibitory concentration at 50% for C and DHC were at 75 and 125 µg/mL, respectively (Figure 4 ). Although C and DHC inhibited the COX-1 enzyme by about 100% at 100 µg/mL, the COX-2 inhibitory activity of both compounds reached a plateau at ≥175 µg/mL (Figure 4 ).
The accumulation of capsaicinoids in hot peppers is not only an important determinant of their quality but also provides an indication of their health beneficial properties. Although Bhut Jolokia is too hot to be eaten in large quantities, ingestion of a small amount has the potential to yield pain relief similar to the over the counter NSAIDs. For example, 100 mg of fresh BJ will deliver 5.36 mg of C and DHC combined, which is equivalent to about 15.2 mg of aspirin based on the in vitro COX assay. It is important to evaluate the in vivo anti-inflammatory activities of BJ pepper/extract and determine the daily dose for its use as a functional food. The same may apply to both Scotch Bonnet and Jalapeno hot peppers. Our investigation of the LPO and COX enzyme inhibitory activities of Capsicum spp. studied offers further understanding of peppers as a functional food.
Experimental
General experimental: Solvents used for isolation, purification and analyses were of HPLC-grade (Fisher Scientific, Pittsburgh, PA, USA). 1 Peppers: Bhut Jolokia, Scotch Bonnet and Jalapeno were harvested from plants grown in the greenhouses at Michigan State University. The seedlings, originated from seeds planted in trays, were transplanted to 1gallon pots containing sterile potting medium. The plants were watered with fertilizer (20:20:20, NPK) every two weeks and kept at 12-h photoperiod at 80ºF. Bhut Jolokia and Scotch Bonnet peppers were harvested when they were red and orange, respectively. The Jalapeno peppers were harvested when they were about to turn red.
Isolation of Capsaicin (C) and Dihydrocapsaicin (DHC):
Freshly harvested SB (150 g) was extracted sequentially with MeOH (2 L), ethyl acetate (4 L) and hexane (4 L) to yield 19.8, 9 and 1.5 g of extracts, respectively. The hexane and ethyl acetate extracts were combined based on a similar TLC profile. An aliquot of this combined extract (2.5 g) was subjected to silica gel chromatography, eluted with CHCl 3 -MeOH (15:1) to yield Fractions 1-4 (150, 450, 420 and 340 mg, respectively). Only Fraction 2 contained capsaicin and dihydrocapsaicin based on TLC and hence it was purified further by preparative-HPLC to afford pure C and DHC. The C-18 column (Shodex, 20 x 250 mm, Japan Analytical Industry Co., Ltd.) was eluted with MeOH-H 2 O (70:30) under isocratic conditions at a flow rate of 4.0 mL/min. The C and DHC peaks at R t 55.6 and 72.5 min, respectively, were collected and evaporated to dryness. The resulting pure C (120 mg) and DHC (32 mg) were characterized by 1 H-NMR and the resulting spectral data were identical to that for capsaicin (C) and dihydrocapsaicin (DHC) [6, 12] .
Quantification of Capsaicinoids by HPLC-PDA:
The peppers (10 g) were homogenized separately with MeOH (50 mL) to yield methanolic extracts of MJ, MSB and MBJ, respectively for Jalapeno, Scotch Bonnet and Bhut Jolokia peppers. The supernatants from each extraction were filtered through the MILLEX-FGS filter (0.2 um, Millipore Inc., Bedford, MA). The filtered methanolic supernatant (1 mL) was then diluted with 4 mL of water to afford 5 mL of 20% methanolic solution for the analysis. The methanolic extract thus obtained (1 mL aliquots) were passed through C-18 cartridges (Waters Chromatographic Division, Milford, MA). The capsaicinoids did not elute with 80 and 50% of water in MeOH as mobile phases. Therefore, the cartridge was eluted with 2 mL of 100% MeOH. This fraction, adjusted to a final volume of 2 mL with MeOH, was used as stock solution for the quantification of C and DHC.
Capsaicin and dihydrocapsaicin in Capsicum spp. studied were quantified by HPLC, equipped with a Photo Diode Array Detector (PDA), using an Xterra RP 18 analytical column (5 µm, 4.6 × 250 mm; Waters Associates, Milford, MA) at 280 nm. The mobile phase used was methanol/water (65:35, 0.8 mL/min) under isocratic conditions. The standard curves for C and DHC were prepared from a 10-point data set (1000, 500, 250, 125, 62.5, 31.3, 15.6, 7.8, 3.9, 1.95 µg/mL) for concentrations ranging from 1.95 to 1000 µg/mL. The injection volume for each sample was 40 µL and the standard curve gave r 2 = 0.9997 for C and r 2 =0.9991 for DHC. The concentration of C and DHC in BJ, SB and J were then calculated by using these standard curves.
Biological assays: Antiinflammatory and antioxidant in vitro activities were tested according to previously published procedures [13, 14] .
